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Abstract. This paper focuses on the study of the possibility of using mineral carriers from sulfur (bio-
sulfur/elementary sulfur) in anaerobic wastewater treatment systems under autotrophic denitrification conditions. The 
theoretical aspects of the work are based on the biochemical formalization of the studied processes using the system-
ic-synergetic approach for the description of the patterns of autotrophic denitrification microorganisms based on the 
principles of autocatalysis of natural systems. Special software was used in the work to identify the necessary ecolog-
ical and trophic groups of microorganisms and implement the schemes of trophic interactions in association of deni-
trification microorganisms. The taxonomic classification was assigned based on the KEGG database (Kyoto Ency-
clopedia of Genes and Genomes). Bio-filtration set-up system was formed for carrying out the process wastewater 
denitrification with using bio-sulfur and gaseous sulfur. The filtration method is used under anaerobic conditions 
along with immobilization on the carrier based on sulfur autotrophic denitrifying bacterial species such as Thiobacil-
lus denitrificans and Thiomicrospira denitrificans. Thus, sulfur conversion leads to the reduction of nitrates to nitrites 
and, ultimately, the release of molecular nitrogen. The mechanisms of sulfur conversion in natural ecosystems make 
it possible to conclude its expediency of use it as a sorption sulfur-containing mineral carrier in wastewater purifica-
tion systems with further conversion to an organic form (with microbial cell carbonate). The interactions pathways 
model in the association of heterotrophic and autotrophic denitrification bacteria in the process of wastewater and 
sewage sludge purification was formed under condition of elementary sulfur presence. Energetic and synthesis reac-
tions for an autotrophic denitrification were described. The implementation of wastewater treatment systems with au-
totrophic denitrification process use will provide an opportunity to expand the application scope of by-products such 
as gaseous sulfur and bio-sulfur that currently minimal recycling in traditional industrial processing. 
Keywords: denitrification, bio-sulfur, gaseous sulfur, wastewater, mineral carrier. 
1 Introduction 
Sulfur is one of the main types of chemical raw for 
materials, which have strategic importance for the coun-
try's economy. Due to continuing growth of population 
and areas under cultivation, it is required an intensifica-
tion of agriculture, which significantly depends on the 
introduction of mineral and organic fertilizers that contain 
sulfur [1]. 
Ecological aspects of sulfur application during obtain-
ing sulfuric acid is the emission of such harmful sub-
stances as acid fog and sulfurous anhydride SO2. Moreo-
ver, in gas sulfur, which is a waste of the process of puri-
fication of gases of petroleum processing, non-ferrous 
metals, associated petroleum and natural gases can con-
tain arsenic and other harmful impurities [2], which, with 
the open method of storing of gas sulfur can migrate to 
the environment. 
The emergence of the problem of elemental sulfur as a 
large-capacity technogenic formation is connected with 
the existence of a stable disproportion between the pro-
cess of its accumulation in the environment and the con-
sumption reduction in traditional areas (sulfuric acid pro-
duction, paper-and-pulp industry, etc.). There is an urgent 
need to diversificatɟ the application of sulfur, particularly 
the materials production based on its ground in order to 
apply them in filtration biotechnological waste water 
treatment systems [3]. 
Another important mission of the environmental safety 
is the deprivation of nutrients from wastewater, which 
after getting into surface water cause significant damage 
to the ecological system for the region, and this requires 
an effective discharge treatment from such compounds 
(nitrogen and phosphorus, in particular). 
Nitrates are considered to be the most widespread type 
of inorganic pollutants that contribute to rapid develop-
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ment of blue-green algae and other lower plants with 
short life cycles for the decomposition course of decaying 
organic matter of which a large amount of the oxygen 
dissolved in water is consumed leading to decaying of the 
dominant groups of aquatic organisms. At the same time, 
nitrates cause great harm to the human body, generally 
due to their consecutive transformation into nitrites and 
nitro compounds which belong to carcinogenic substanc-
es. In ground waters, nitrates are accumulated due to 
transfer sewage disposal chemical and petrochemical 
factories in them, as well as the fertilizers which are 
washed away from agricultural fields, drains of cattle 
farms. Nitrate content may vary depending on chemical 
and biological composition of soils [4]. 
Thus, the possibility of a unified approach developing 
to solve the problem of removing nitrogen compounds 
from liquid waste and using nonorganic sulfur varieties in 
biological denitrification systems is of great importance 
in reducing the environmental footprint in the region. In 
our opinion, the expansion of biosulfur using as a product 
of gas flows biodesulfurizationis, which is possible due to 
its application together with gas sulfur in biofiltration 
systems for removing nitrates from effluents, which re-
quires further scientific, theoretical and experimental 
evidence. 
2 Literature Review 
Among the methods for effluents purification from ni-
trates, a special niche is occupied by biological methods 
of denitrification, which are divided into autotrophic and 
heterotrophic. 
Anaerobic activated sludge is used in many studies for 
restoration of nitrites and nitrates in the process of deni-
trifying sewage. Denitrifying bacteria are found among 
representatives of Acrobacterium sp. and others, which, 
being in anoxic conditions, use oxygen for breathing that 
contained in nitrites and nitrates instead of dissolved 
oxygen. Herewith, most of the studies focused on study-
ing and increasing the effectiveness of the use of hetero-
trophic bacterium-denitrifying agents which represent a 
group of facultative anaerobes. This is facilitated by the 
fact that they are present in the sewage in large quantities 
and can use pollutants as a carbon feed (methanol, etha-
nol, acetic acid), greatly facilitates the exploitation of 
structures, as it eliminates the need to grow a special 
adapted microflora [5]. 
Downflow denitrification filters operate in a conven-
tional filtration mode and consist of media and support 
gravel supported by an underdrain. Wastewater enters a 
downflow filter over weirs along the length of the filter 
bed on both sides. 
Filter effluent is conveyed from the bottom of the filter 
over a control weir into a clear well. During the process, 
nitrate is metabolized to nitrogen gas, which becomes 
embedded in the filter media. Nitrogen-release cycles are 
needed to remover these nitrogen gas bubbles that accu-
mulate. The piping for the filter influent and backwash is 
similar to that of conventional filters. 
Wastewater enters the filter through the influent pipe 
and then is transported downward through a supply pipe 
and distributors (Figure 1). The water moves up through 
the filter media and filtrate is discharged from the upper 
portion of the filter. 
The preferred media for each filter manufacturer is al-
so presented in Table 1. 
Separate-stage denitrification can be carried out either 
as a suspended or attached growth process, both of which 
require an external carbon source, such as methanol. Be-
cause they require a large area and their own sludge set-
tling and recycling system, separate suspended growth 
denitrification systems are not very common (Figure 2). 
 
 
Figure 1 – Astrasand upflow continuous - backwash filter 
 
 
Figure 2 – Separate-stage suspended growth denitrification process 
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Table 1 – Filtration material in denitrification systems [6] 
Manufacturer /  
filter 
Severn Trent 
Services/ 
TETRA® 
Denite® 
F. B. Leopold / 
elimi-Nite USFilter/Davco 
Parkson / 
DynaSand 
Paques and 
USFilter/ 
Astrasand 
Flow regime Downflow Downflow Downflow Upflow Upflow 
Media 
457 mm (18 in) 
graded gravel,  
1.8 m (6 ft) of 
6×9 mesh silica 
sand, uniformi-
ty coefficient 
1.35, 0.8 mini-
mum sphericity 
381 mm (15 in) 
graded gravel, 
1.8 m (6 ft) of 
6×12 mesh 
sand 
2 layers support 
gravel, 1.8 m  
(6 ft) of 6×9 mesh 
sand 
1.35 to 1.45 mm 
subround media or 
1.55 to 1.65 mm 
subangular media 
with uniformity 
coefficient of 1.3 to 
1.6; 2-m (6.6 ft) 
bed depth 
1.2 to 1.4 mm 
sand,  
2-m (6.6-ft)  
bed depth 
 
Denitrification filters are popular, because they are an 
easy retrofit and require less area and sludge handling. 
The units can simply be added to the end of a secondary 
treatment process that includes nitrification. Both down-
flow and upflow filters are in use. Downflow filters re-
quire backwashing to remove solids and nitrogen gas 
trapped in the filter media. Upflow filters skirt this prob-
lem by having the filter media continuously removed 
from the bottom of the unit, cleaned, and recycled to the 
top of the filter (Figure 3) [7]. 
The main components of a modern Continuous Acti-
vated Sludge Biological Nutrient Removal (BNR) sys-
tems are presented in Figure 4. 
 
Figure 3 – Separate-stage denitrification filter process 
 
Figure 4 – Continuous Activated Sludge BNR systems 
  
H 10 CHEMICAL ENGINEERING: Environmental Protection 
 
 
The anoxic (denitrification) basin or zone continually 
receives several streams including the main feed of am-
monia-rich wastewater from the upstream anaerobic 
pond. This is a large volume stream containing the bulk 
of the new nitrogen load to the system. Unfortunately, the 
COD content of this stream is usually insufficient to pro-
vide all the COD needed for the denitrifying bacteria so 
additional COD is added [8].  
In autotrophic denitrification, sulfur or hydrogen is 
used by microorganisms as a source of energy. 
The continuously stirred tank reactor (CSTR) that ca-
pable of providing an adequate seed source of autotrophic 
denitrifiers was used in the study [9]. As shown in Figure 
5, anaerobic upflow fixed-bed reactor was constructed 
from 2.5-inch I.D. acrylic tubing with four sampling 
ports. The empty bed reactor volume is 1.11 liters. The 
sulfur and limestone grain sizes ranged from 2.38 mm to 
4.76 mm. Gas collection and monitoring systems have 
been included in this design. 
 
 
Figure 5 – Upflow fixed-bed column reactor [9] 
The feed solution composition for the CSTR: KNO3, 
3.0 g/l; Na2S2O3∙5H2O, 6.0 g/l; NaHCO3, 1.5 g/l; 
Na2HPO4, 1.5 g/l; KH2PO4, 0.3 g/l; MgSO4∙7H2O, 0.4 g/l; 
and 1 ml of stock trace nutrient solution per liter of feed 
solution [9]. 
However, these methods need to be improved. These 
disadvantages are water pollution residual methanol or 
sulfur, and a large content of microorganisms in the treat-
ed water. In addition, this process is characterized by 
increased sensitivity to temperature conditions, and its 
rate decreases in cold water, which makes it difficult to 
use biological denitrification in regions with a cold cli-
mate [4]. 
In [10], methods for the oxidation of ammonium and a 
hardly available organic matter of wastewater are offered 
in aerobic-anoxid conditions. To carry out the process of 
simultaneous autotrophic and heterotrophic denitrifica-
tion, a batch reactor with a volume of 61 dm3 was built. 
A complete retention of the biomass of the active 
sludge was carried out in the reactor, the residence time 
of the liquid was 2,5-5 days, the sludge dose was 1.5–
2.5 g/dm3, the temperature was 20-28 °C, and the pH was 
7.5-8.5. The concentrations of ammonium nitrogen and 
nitrogen nitrite in renovated water were 0.3-8 mg/dm3 
and, accordingly, 0.2-4 mg/dm3 (Table 2) [10]. The effi-
ciency of nitrogen removal was 91% -80% due to the 
process of autotrophic denitrification and 11 % due to the 
heterotrophic denitrification process. 
Table 2 – Composition of water received for treatment  
and after treatment in two successive reactors 
Parameter Crude  filtrate 
Nitrifiable  
filtrate 
Refined  
filtrate 
N-NH4,  
mg/dm3 250–300 100–120 0.3–8.0 
N-NO2,  
mg/dm3 – 130–150 0.2–4.0 
N-NO3,  
mg/dm3 – 0.4–3.3 5–10 
COD,  
mg/dm3 150–190 60–120 60–120 
 
During the experiment it was noted that a significant 
part of the biomass of the microorganisms in this reactor 
was secured with the walls of the reactor. The ability of 
microorganisms for effective adhesion was used to in-
crease the reliability of the reactor by increasing the sur-
face area to which microorganisms could be secured. 
A plastic load of polyethylene (AnoxKaldnes K1, 
30 % of the volume of the reactor) was placed in the reac-
tor. After a while at the loading has developed the bio-
film, in which up to 75 % of the biomass of microorgan-
isms was located. The use of this method led to the stabi-
lization of the quality of water purification in the reactor 
at the same average (removal of 90–92 % of nitrogen).  
However, the biological technologies currently availa-
ble for nitrate degradation are associated with significant 
drawbacks including: long start-up times and long recov-
ery times after system upsets; the production of biological 
solids requiring costly treatment and disposal; low organ-
ism densities necessitating large footprints to achieve 
sufficient treatment capacity. 
Thus, an important area of research is the immobiliza-
tion of active biomass on carriers to reduce their leaching 
from the bioreactor space and the transfer of the process 
to a continuous technological regime for treating efflu-
ents. As well as the introduction of carrier-feed to stimu-
late the development of autotrophic groups of microor-
ganisms with the minimization of nutrient removal from 
the system. 
Developing biocomposites for natural, nitrate-
degrading organisms that are irreversibly retained within 
these systems and never leave the biofilter, as they are 
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protected from washout, overgrowth, toxicity, and abrupt 
changes in operation. 
This paper focuses on the study of the possibility of 
using mineral carriers from sulfur (bio-sulfur / elementary 
sulfur) in anaerobic wastewater treatment systems under 
autotrophic denitrification conditions. 
To achieve the aim, the following tasks were set: 
– analytical studies of the possibility of bio-sulfur and 
gaseous sulfur use as mineral carriers for bacteria growth 
under autotrophic denitrification conditions; 
– development bio-filtration set-up system for carrying 
out the process wastewater denitrification with using bio-
sulfur and gaseous sulfur. 
3 Research Methodology 
During biochemical processing and in the course of 
Claus's reactions, all hydrogen sulfide, which was a part 
of gas-liquid mixes, is used to produce sulfur: bio-sulfurs 
(from bio-desulfurization systems) [11] and the gaseous 
sulfur resp., which have both similar physical and chemi-
cal properties and some differences features. It should be 
noted that bio-sulfur is more demanded in the use in agri-
culture as a component of fertilizers and fungicides [12]. 
The analysis of the composition of gaseous sulfur is 
presented in Table 3 and its general form is shown in 
Figure 6. Gaseous sulphur has the same chemical formula 
as solid or liquid Sulphur, S8. 
Table 3 – The technological parameters of gaseous sulfur [13] 
Parameter (minimum value), % 
Norm for  
technical gas-
eous sulfur 
Sulfur mass fraction 99.2 
Water mass fraction 1.0 
Refuse burnout mass fraction 0.4 
Organic substances mass fraction 0.5 
Acids mass fraction in conversion 
to spirit of sulfur 0.02 
 
 
Figure 6 – Photo of the gaseous sulfur granules (3–6 mm) 
The main stages of bio-sulfur production are described 
in the block diagram in Figure 7 with an indication of its 
component composition according to [11]. 
Diffractometric research and raster microanalysis of 
the bio-sulfur structure were held (conducted) and the 
fact, that 60 % of it consist of orthomolecules S80, was 
determined. Besides, sulfur organic inclusion (Sorg) and 
particles of components of transformed granules (CaSO4, 
H2O, CaCO3, Ca3(PO4)2, etc.) were found. 
It should be noted that the presence of additional bio-
genic elements in the biosulfur will allow to reduce or 
eliminate the necessity of supply of additional nutrients to 
the system. Also, calcium fluoride may be present in the 
bio-sulfur in the presence of fluorine in the composition 
of secondary mineral raw materials (phosphogypsum) for 
the production of an immobilized carrier for the systems 
of biochemical purification of waste gases from hydrogen 
sulphide. Calcium fluoride is a chemically relatively pas-
sive compound. 
The theoretical foundations of the work are based on 
the biochemical formalization of the purification process-
es using the systemic-synergetic approach for the descrip-
tion of the patterns of autotrophic denitrification microor-
ganisms based on the principles of autocatalysis of natu-
ral systems. 
Culture-identify approach. Special software was used 
in the work to identify the necessary ecological and 
trophic groups of microorganisms and implement the 
schemes of trophic interactions in associations of micro-
organisms-denitrifiers. 
The taxonomic classification of each read was as-
signed based on the KEGG database (Kyoto Encyclope-
dia of Genes and Genomes). 
KEGG is a database resource for understanding high-
level functions and utilities of the biological system, such 
as the cell, the organism and the ecosystem, from ge-
nomic and molecular-level information. It is a computer 
representation of the biological system, consisting of 
molecular building blocks of genes and proteins (genomic 
information) and chemical substances (chemical infor-
mation) that are integrated with the knowledge on molec-
ular wiring diagrams of interaction, reaction and relation 
networks (systems information). Denitrification (nitrate 
=> nitrogen) module M00529 was used for modelling of 
association of main ecological and trophic groups of mi-
croorganisms involved in individual stages of this pro-
cess. This program provides the definition of basic bio-
chemical reactions, involved enzymes and microorgan-
isms that contain the relevant genes. 
4 Results 
4.1 Analytical studies of the possibility  
of bio-sulfur and gaseous sulfur use as mineral 
carriers for bacteria growth under autotrophic 
denitrification conditions 
Autotroph denitrification explains the thermodynamic 
instability of nitrates in critical areas or the lack of lysed 
organic connections. 
Apart from organic carbon, some of the denitrifying 
bacteria can use inorganic substances, such as hydrogen 
and sulfur, manganese and ferrum in the capacity of do-
nor of electrons. Few researches showed the application 
of this process for removing the nitrate out of fouled wa-
ters, and the sulfur-limestone reactor was used for the 
autotroph denitrification of waste waters. 
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Hence, in [14, 15] the possibility of usage of the indus-
trial waste of desulfurizing of flue gases for considerable 
decrease of the volume of dregs over the cleaning of 
waste waters. Therewith the main groups of eco-trophic 
microorganisms are distinguished, which interact in 
bioorganic cycles of transformation of biogenous ele-
ments (Figure 8). 
 
 
Figure 8 – The scheme of interactions in biochemical cycles 
between heterotrophic and autotrophic groups of microorgan-
isms used in biological wastewater treatment [15] 
The possibility of denitrification in low ratio COD 
(chemical oxygen demand)/N is demonstrated in the reac-
tor, which establishes the symbiotic balance between the 
denitrifying sulfur bacteria and sulfate-reduction bacteria 
[16]. The advantages of autotrophic denitrification in-
clude: 
– decreasing of the reactor pollution with dead bio-
mass; 
– the treated water isn’t contaminated with organic 
carbon. 
The implementation of wastewater treatment systems 
with autotrophic denitrification process use will provide 
an opportunity to expand the application scope of a num-
ber of by-products that currently minimal recycling in 
traditional industrial processing. For example, the utiliza-
tion of gaseous sulfur and bio-sulfur. 
Figure 9 represents an analysis of the main ecological-
trophic groups of microorganisms which take part in 
autotrophic and heterotrophic denitrification. 
 
 
Figure 9 – Taxonomic classification of the microbial composi-
tion according to the stages of denitrification: 1 – nitrate to 
nitrite; 2 – nitrite to nitric oxide; 3 – nitric oxide to nitrous  
oxide; 4 – nitrous oxide to nitrogen, using KEGG database 
The bacterial communities were dominated by Pseu-
domonas, Bradyrhizobium, followed by Thioalkalivibrio, 
Thiobacillus, Sulfuricella and Sulfurovum. 
Figure 10 presents the data on the metabolic interac-
tions of cooperated communities of microorganisms-
denitrifiers in the process of wastewater treatment. 
The mechanisms of sulfur conversion in natural eco-
systems make it possible to conclude its expediency of 
use it as a sorption sulfur-containing mineral carrier in 
wastwater purification systems with further conversion to 
an organic form (with microbial cell carbonate)  
(Figure 11). 
According to modern conseptualizations, sulfur from 
surroundings enters the cellular vacuole (filled with vol-
untarily) of thiobacillus, including T. denitrificans by 
diffusion and accumulates in it as a reserve material. This 
sulfur may oxidase as the case should be require. The 
speed of its oxidation depends on the area of contact of 
sulfur with bacterial cells. This suggests that there are 
ferments on the cell area of bacteria that contribute the 
entry of sulfur into the cell, and under their influence, 
sulfur is reduced to a sulfide ion, the oxidation of which 
arises further intracellularly. 
Energy and synthesis reactions for an autotrophic deni-
trification can be written in the form of the following 
equations. 
Energy reaction: 
 2NO3- + 5H2 → N2 +4H2O + 2OH-; (1) 
 2NO3- + 2H+ + 5H2 → N2 + 4H2O. (2) 
Synthesis reaction [17]: 
H2 + 0.35NO3- + 0.35H+ + 0.052CO2 → 
 → 0.17 N2 + 1.1 H2O + 0.010C5H7O2N. (3) 
The stoichiometric equation for the reduction of nitrate 
using elemental sulfur proceeds as follows:  
55S + 20 CO2 + 50NO3- + 38 H2O + 4NH4+ → 
 → 4 C5H7O2N + 25 N2 + 55SO42- +H. (4) 
Heterotrophic denitrification bacteria produce elec-
trons and protons necessary for the transformation of 
nitrate from organic compounds. These substances in-
clude carbohydrates, organic alcohols, amino acids and 
fatty acids. For example, the utilization of acetate, as a 
source of carbohydrate, occurs as follows [16]: 
5CH3COO- + 8NO3- + 3H+ → 
 → 10HCO3- +4N2(g) + 4H2O. (5) 
Therefore, developing the denitrification complex 
technology using gaseous sulfur and bio-sulfur as immo-
bilized sorbing agent for denitrification bacteria followed 
to technogenic sulfur utilization and fertilizer production. 
Thus, it is essential to carry out experimental research-
es of efficiency of stock package use based on bio-sulfur 
and gaseous sulfur in biological filters of denitrification 
systems. 
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Figure 10 – Block diagram of metabolic processes of interaction in the association of denitrification microorganisms 
 
Figure 11 – The flowchart of interactions pathways model in the association of heterotrophic and autotrophic denitrification bacteria 
in the process of wastewater and sewage sludge purification under condition of elementary sulfur presence 
4.2 Bio-filtration set-up system for carrying 
out the process wastewater denitrification  
with using bio-sulfur and gaseous sulfur 
For pattern drains purification, filtration method is 
used under anaerobic conditions along with immobiliza-
tion on the carrier made of autotrophic denitrifying bacte-
rial species such as Thiobacillus denitrificans and Thio-
microspira denitrificans, also usage of phototrophic bac-
terial species such as Rhodopseudomonas sphaeroides f. 
denitraficans is possible. 
These species will oxidize various kinds of reduced 
sulfur to sulfate, in this case the nitrate is reduced and 
oxygen is released for its own metabolism of facultative 
thiobacteria. Thus, sulfur conversion leads to the reduc-
tion of nitrates to nitrites and, ultimately, the release of 
molecular nitrogen.  
Composition of a model contaminated solution: 
KH2PO4, 25 g/dm3; MgSO4∙7H2O, 260 g/dm3; KHCO3, 
753 g/dm3; NaNO2, 893 g/dm3; EDTA (C10H16N2O8), 
15 g/dm3; FeSO4, 5 g/dm3; MnCl2∙4H2O, 0.99 g/dm3; 
ZnSO4∙7H2O, 0.43 g/dm3; CuSO4∙2H2O, 0.25 g/dm3. 
Figure 12 shows the experimental set-up that is 
planned to use for wastewater denitrification modelling. 
The biofilter is a cylindrical container of plexiglass with a 
volume of 10 dm3. The reverse flow method is used, in 
which water is pumped through a hole at the bottom of 
the filter and ends up, recirculating the water flow 
through the pump. Also, the gas phase is recycled with 
the possibility of its recycling into the system to intensify 
purification process. 
In this case, for the implementation of the experiment, 
the ratio of the main components of the mixture of the 
filtration material to fill the biofilter is suggested: 2/3 
granular sulfur and 1/3 granules (diameter 10 mm) from 
the calcium-containing material for increasing the pH of 
the purified water. 
  
H 14 CHEMICAL ENGINEERING: Environmental Protection 
 
 
Figure 12 – The bio-filtration set-up system: 
1 – biofilter body; 2 – sulfur carrier; 3 – granules of calcium-
containing material; 4 – pump; 5 – capacity for selection  
of model flow; 6 – pump; I – input stream for cleaning;  
II – output flow for recycling; III – cycle of the gas phase;  
IV – purified stream 
In this case, for the implementation of the experiment, 
the ratio of the main components of the mixture of the 
filtration material to fill the biofilter is suggested: 2/3 
granular sulfur and 1/3 granules (diameter 10 mm) from 
the calcium-containing material for increasing the pH of 
the purified water. 
Intensive internal circulation stimulates the growth of 
the necessary ecological-trophic groups of bacteria, the 
descending flow of model effluents passes through a 
layer of granular sulfur and during the bioconversion 
sulfuric elements of T. denitrificans are used in order to 
reduce the nitrate to molecular nitrogen. In the process of 
biochemical conversion, the acid-base balance of the 
system changes to the acidic side, so a calcium-
containing drainage material is loaded in the lower part of 
the biofilter to buffer the flow of water. 
The qualitative character of sulfur use is enlargement 
of pore spaces inside sulfur-containing granules in the 
process of sulfur consumption by microorganisms. In 2–3 
days after immobilization and beginning of biological 
filter exploitation, during working presence of essential 
ecologically-trophic groups of bacteria is exhibited, when 
gas bubbles begin to form in time intervals between 
batching of granulated sulfur. It is expected, that in 12–14 
days, the durable biofilm with well-developed bacterial 
intercellular matrix, which covers the whole bulk of sul-
fur filter medium, is to function. For this purpose, contin-
uous monitoring of the nitrate level in ppm or mg/dm3 in 
simulated runoffs before and after purification in the 
biological filter is conducted. 
5 Conclusions 
The mechanisms of sulfur conversion in natural eco-
systems make it possible to conclude its expediency of 
use it as a sorption sulfur-containing mineral carrier in 
wastewater purification systems with further conversion 
to an organic form (with microbial cell carbonate). The 
interactions pathways model in the association of hetero-
trophic and autotrophic denitrification bacteria in the 
process of wastewater and sewage sludge purification 
was formed under condition of elementary sulfur pres-
ence. Energetic and synthesis reactions for an autotrophic 
denitrification were described. 
Bio-filtration set-up system was formed for carrying 
out the process wastewater denitrification with using bio-
sulfur and gaseous sulfur. The filtration method is used 
under anaerobic conditions along with immobilization on 
the sulfur carrier autotrophic denitrifying bacterial spe-
cies such as Thiobacillus denitrificans and Thiomicrospi-
ra denitrificans. These species will oxidize various kinds 
of reduced sulfur to sulfate, in this case the nitrate is re-
duced and oxygen is released for its own metabolism of 
facultative thiobacteria. Thus, sulfur conversion leads to 
the reduction of nitrates to nitrites and, ultimately, the 
release of molecular nitrogen.  
The implementation of wastewater treatment systems 
with autotrophic denitrification process use will provide 
an opportunity to expand the application scope of by-
products such as of gaseous sulfur and bio-sulfur that 
currently minimal recycling in traditional industrial pro-
cessing. 
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Аɧɨɬɚɰɿɹ. ɍ ɫɬɚɬɬɿ ɨɫɧɨɜɧɚ ɭɜɚɝɚ ɩɪɢɞɿɥɹєɬьɫɹ ɜɢɜɱɟɧɧɸ ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɿɧɟɪɚɥьɧɢɯ ɧɨɫɿʀɜ ɡ 
ɫɿɪɤɢ (ɛɿɨ-ɫɿɪɤɢ / ɟɥɟɦɟɧɬɚɪɧɨʀ ɫɿɪɤɢ) ɜ ɫɢɫɬɟɦɚɯ ɚɧɚɟɪɨɛɧɨɝɨ ɨɱɢɳɟɧɧɹ ɫɬɿɱɧɢɯ ɜɨɞ ɜ ɭɦɨɜɚɯ ɚɜɬɨɬɪɨɮɧɨʀ 
ɞɟɧɿɬɪɢɮɿɤɚɰɿʀ. Ɍɟɨɪɟɬɢɱɧɿ ɚɫɩɟɤɬɢ ɪɨɛɨɬɢ ɡɚɫɧɨɜɚɧɿ ɧɚ ɛɿɨɯɿɦɿɱɧɨʀ ɮɨɪɦɚɥɿɡɚɰɿʀ ɩɪɨɰɟɫɿɜ ɨɱɢɳɟɧɧɹ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɢɫɬɟɦɧɨ-ɫɢɧɟɪɝɟɬɢɱɧɨɝɨ ɩɿɞɯɨɞɭ ɞɥɹ ɨɩɢɫɭ ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɚɜɬɨɬɪɨɮɧɢɯ ɞɟɧɿɬɪɢɮɿɤɭɸɱɢɯ 
ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɧɚ ɨɫɧɨɜɿ ɩɪɢɧɰɢɩɿɜ ɚɜɬɨɤɚɬɚɥɿɡɭ ɩɪɢɪɨɞɧɢɯ ɫɢɫɬɟɦ. ɋɩɟɰɿɚɥьɧɟ ɩɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɟɨɛɯɿɞɧɢɯ ɟɤɨɥɨɝɿɱɧɢɯ ɿ ɬɪɨɮɿɱɧɢɯ ɝɪɭɩ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɬɚ ɞɥɹ 
ɪɟɚɥɿɡɚɰɿʀ ɫɯɟɦ ɬɪɨɮɿɱɧɢɯ ɜɡɚєɦɨɞɿɣ ɜ ɚɫɨɰɿɚɰɿɹɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ-ɞɟɧɿɬɪɢɮɿɤɚɬɨɪɿɜ. Ɍɚɤɫɨɧɨɦɿɱɧɚ 
ɤɥɚɫɢɮɿɤɚɰɿɹ ɩɪɢɡɧɚɱɟɧɚ ɧɚ ɨɫɧɨɜɿ ɛɚɡɢ ɞɚɧɢɯ KEGG (Ʉɿɨɬɫьɤɚ ɟɧɰɢɤɥɨɩɟɞɿɹ ɝɟɧɿɜ ɿ ɝɟɧɨɦɿɜ). Ȼɭɥɚ 
ɪɨɡɪɨɛɥɟɧɚ ɫɢɫɬɟɦɚ ɛɿɨɮɿɥьɬɪɚɰɿʀ ɞɥɹ ɩɪɨɜɟɞɟɧɧɹ ɞɟɧɿɬɪɢɮɿɤɚɰɿʀ ɦɨɞɟɥьɧɢɯ ɫɬɿɱɧɢɯ ɜɨɞ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɛɿɨ-
ɫɿɪɤɢ ɿ ɝɚɡɨɜɨʀ ɫɿɪɤɢ. Ɇɟɬɨɞ ɮɿɥьɬɪɚɰɿʀ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɜ ɚɧɚɟɪɨɛɧɢɯ ɭɦɨɜɚɯ ɡ ɿɦɦɨɛɿɥɿɡɚɰɿєɸ ɧɚ ɧɨɫɿʀ ɡ 
ɫɿɪɤɢ ɚɭɬɨɬɪɨɮɧɢɣ ɞɟɧɿɬɪɢɮɿɤɭɸɱɢɯ ɛɚɤɬɟɪɿɚɥьɧɢɯ ɜɢɞɿɜ Thiobacillus denitrificans ɿ Thiomicrospira 
denitrificans. Ɍɪɚɧɫɮɨɪɦɚɰɿʀ ɫɿɪɤɢ ɰɢɦɢ ɦɿɤɪɨɨɪɝɚɧɿɡɦɚɦɢ ɩɪɢɡɜɨɞɢɬь ɞɨ ɜɿɞɧɨɜɥɟɧɧɹ ɧɿɬɪɚɬɿɜ ɞɨ ɧɿɬɪɢɬɿɜ ɿ ɞɨ 
ɜɢɜɿɥьɧɟɧɧɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɭ. Ɇɟɯɚɧɿɡɦɢ ɤɨɧɜɟɪɫɿʀ ɫɿɪɤɢ ɜ ɩɪɢɪɨɞɧɢɯ ɟɤɨɫɢɫɬɟɦɚɯ ɞɨɡɜɨɥɹɸɬь ɡɪɨɛɢɬɢ 
ɜɢɫɧɨɜɨɤ ɩɪɨ ɞɨɰɿɥьɧɿɫɬь ɜɢɤɨɪɢɫɬɚɧɧɹ ʀʀ ɹɤ ɫɨɪɛɰɿɣɧɨɝɨ ɫɿɪɤɨɜɦɿɫɧɨɝɨ ɦɿɧɟɪɚɥьɧɨɝɨ ɧɨɫɿɹ ɜ ɫɢɫɬɟɦɚɯ 
ɨɱɢɳɟɧɧɹ ɫɬɿɱɧɢɯ ɜɨɞ ɡ ɤɨɧɜɟɪɫɿєɸ ɜ ɨɪɝɚɧɿɱɧɭ ɮɨɪɦɭ (ɡ ɤɚɪɛɨɧɚɬɨɦ ɦɿɤɪɨɛɧɢɯ ɤɥɿɬɢɧ). Ɇɨɞɟɥь ɲɥɹɯɿɜ 
ɜɡɚєɦɨɞɿʀ ɜ ɚɫɨɰɿɚɰɿʀ ɝɟɬɟɪɨɬɪɨɮɧɢɯ ɿ ɚɜɬɨɬɪɨɮɧɢɯ ɞɟɧɿɬɪɢɮɿɤɭɸɱɢɯ ɛɚɤɬɟɪɿɣ ɭ ɩɪɨɰɟɫɿ ɨɱɢɳɟɧɧɹ ɫɬɿɱɧɢɯ ɜɨɞ 
ɿ ɦɭɥɨɜɢɯ ɨɫɚɞɿɜ ɛɭɥɚ ɫɮɨɪɦɨɜɚɧɚ ɡɚ ɭɦɨɜɢ ɩɪɢɫɭɬɧɨɫɬɿ ɟɥɟɦɟɧɬɚɪɧɨʀ ɫɿɪɤɢ. Ɉɩɢɫɚɧɨ ɟɧɟɪɝɟɬɢɱɧɿ ɪɟɚɤɰɿʀ ɿ 
ɪɟɚɤɰɿʀ ɫɢɧɬɟɡɭ ɞɥɹ ɚɜɬɨɬɪɨɮɧɨʀ ɞɟɧɿɬɪɢɮɿɤɚɰɿʀ. ȼɩɪɨɜɚɞɠɟɧɧɹ ɫɢɫɬɟɦ ɨɱɢɫɬɤɢ ɫɬɿɱɧɢɯ ɜɨɞ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɩɪɨɰɟɫɭ ɚɜɬɨɬɪɨɮɧɨʀ ɞɟɧɿɬɪɢɮɿɤɚɰɿʀ ɞɚɫɬь ɡɦɨɝɭ ɪɨɡɲɢɪɢɬɢ ɫɮɟɪɭ ɡɚɫɬɨɫɭɜɚɧɧɹ ɪɹɞɭ ɩɨɛɿɱɧɢɯ ɩɪɨɞɭɤɬɿɜ, 
ɬɚɤɢɯ ɹɤ ɝɚɡɨɩɨɞɿɛɧɚ ɫɿɪɤɚ ɬɚ ɛɿɨ-ɫɿɪɤɢ, ɹɤɿ ɜ ɞɚɧɢɣ ɱɚɫ ɦɿɧɿɦɚɥьɧɿ ɞɥɹ ɬɪɚɞɢɰɿɣɧɨʀ ɩɪɨɦɢɫɥɨɜɨʀ ɩɟɪɟɪɨɛɤɢ. 
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